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(54) PRESSURE REFORMING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pressure reforming device 
capable of attaining high reforming efficiency under pressure without 
increasing the operation temp. 

SOLUTION: The pressure reforming device is composed of a reforming 
chamber 12, where a reforming catalyst 3 is filled and a gaseous starting 
material 2 is supplied, a heating chamber 14, where the heating chamber is 
separated from the reforming section by a thermal conductive plate 14a and 
a high temp, gas Is supplied, and a permeating chamber 16, where the 
permeating chamber is separated from the reforming chamber by a 
hydrogen separation membrane 16a and a sweeping gas 15 is supplied, 



and as a result, the gaseous starting material is reformed into a reformed 
gas containing hydrogen in the reforming chamber and the generated 
hydrogen is passed through the hydrogen separation membrane and 
discharged with the sweeping gas from the permeating chamber. The flow 



rate of the sweeping gas is setted so that the hydroge n partial pressure in 
the reforming chamber is constantly higher than in the permeating chamber. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DET AILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the pressurization reformer 

which maintains the high rate of reforming under pressurization. 

[0002] 

[Description of the Prior Art] That a fused carbonate fuel cell has little effect on a well head and 
environment etc. has the feature it is featureless to the conventional power plant, attention is attracted as 
a generation-of-electrical-energy system following hydraulic power, thermal power, and atomic energy, 
and research and development are wholeheartedly done in current every country in the world. In the 
generation-of-electrical-energy equipment using the fused carbonate fuel cell which uses especially 
natural gas as a fuel, in material gas, such as natural gas typically shown in drawing 5 , in order to 
reform hydrogen in the included gas, a reforming machine is used. A reforming machine consists of a 
combustion chamber Co separated by the septum, and a reforming room Re, bums fuel gas 1 (for 
example, anode exhaust from a fuel cell) in a combustion chamber Co, heats the reforming room Re 
with the heat, and reforms the material gas 2 which flows a reforming room according to the reforming 
catalyst 3 with which the interior was filled up in the gas 4 (henceforth reformed gas) containing 
hydrogen. 

[0003] As that into which the tubular mold for the conventional plants was developed as this reforming 
machine, JP,3-35778,B, JP,5-9362,B, JP,62-27303,A, etc. are already proposed as an object for fuel 
cells. 

[0004] The plate reforming machine of a configuration of completely differing from the conventional 
tubular reforming machine mentioned above on the other hand is already proposed by the applicant for 
this patent, and is used partly. This plate reforming machine constitutes the reforming room Re and a 
combustion chamber Co in plate-like, respectively, and they carry out a laminating by turns so that it 
may illustrate to principle drawing of drawing 6 . In this combustion chamber Co It flows, as a dashed 
line shows to drawing, and the fuel gas 1 and the combustion air 7 which are supplied from the external 
manifolds 6a and 6b react according to an operation of the combustion catalyst 5 (combustion), and 
generate heat [ plate-like is filled up with the particle-like combustion catalyst 5, ], and a combustion gas 
8 is discharged from external manifold 6c of the opposite side. On the other hand, plate-like is similarly 
filled up with the particle-like reforming catalyst 3, in the reforming room Re, the material gas 2 
supplied from external manifold 6d flows, as a continuous line shows to drawing, in it, material gas 2 is 
reformed according to an operation of a reforming catalyst 3, and reformed gas 4 is discharged from 
external manifold 6e of the opposite side. 

[0005] Furthermore, the combustion chamber Co of drawing 6 is transposed to the heat chamber H to 
which elevated-temperature gas flows, and the plate reforming machine of every combustor exception 
which supplies a hot combustion gas to this heat chamber H from another independent combustor (for 
example, catalyzed combustion machine) is also developed. This plate reforming machine has a large 
heating area per volume as compared with a tubular reforming machine, it has the feature made very 
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much to a small light weight, and application in the fields (for example, hydrogen manufacture etc.) of 

not only the object for fuel cells but others is demanded. 

[0006] 

[Problem(s) to be Solved by the Invention] In the plate reforming machine mentioned above, high- 
pressure-izing of an operating pressure is effective in improvement and miniaturization of plant 
effectiveness. For this reason, to combine the operating pressure of a plate reforming machine with the 
operating pressure of a fuel cell, and to raise to a number ata degree is desired, however, the reforming 
reaction of methane CH4+H2 0->3H2+CO ~ there is a trouble that are expressed with the main 
reaction type of (formula **), an equilibrium constant becomes low by high-pressure force-ization 
since it is the reaction which the number of mols (volume) increases by the reaction, therefore the rate of 
reforming falls. 

[0007] Although it is theoretically possible to, aim at an improvement of the rate of reforming by the 
rise of reforming temperature on the other hand, if reforming temperature is made high from a 
temperature limit of a septum with a plate reforming vessel, it will be expensive, will be necessary to use 
heat-resisting material with bad processability (for example, ceramic material), and is not practical. 
[0008] This invention is originated in order to solve this trouble. That is, the purpose of this invention is 
to offer the pressurization reformer which can acquire high reforming effectiveness under pressurization, 
without raising an operating temperature. 
[0009] 

[Means for Solving the Problem] A reforming room to which hydrocarbon gas which according to this 
invention it rills up with a reformmg catalyst and contains a steam is supplied. It consists of a 
transparency room to which it divides into with a hydrogen demarcation membrane between a heat 
chamber to which it divides into with thermally conductive high sheet metal between reforming rooms, 
and elevated-temperature gas is supplied, and a reforming room, and sweep gas is supplied. By this A 
pressurization reformer characterized by what hydrocarbon gas is reformed to reformed gas containing 
hydrogen, and generated hydrogen is discharged for with sweep gas from a transparency room through a 
hydrogen demarcation membrane in the reforming interior of a room is offered. 

[0010] Since hydrogen in reformed gas by which reforming was carried out at a reforming room since a 
septum of a reforming room and a transparency room consisted of hydrogen demarcation membranes is 
alternatively separated on that spot through a hydrogen demarcation membrane by this configuration , 
hydrogen concentration falls , a methane reforming reaction ( formula ** ) in a reforming room is 
promoted , and a high rate of reforming can be attained , without being restricted to an equilibrium 
constant also at a comparatively low temperature . 

[00 11] According to the desirable operation gestalt of this invention, a pressure of said reforming room 
is held more highly than a transparency room, and a flow rate of sweep gas is set up so that a hydrogen 
partial pressure of a reforming room may become always higher than a transparency room. WhU e 
avoiding reverse transparency produc ed when a hydrogen partia l pressure of a reforming room is lowe r 
Jh an a transparency room and raising permeaDility ot hydrogen by this configuration, a rate of reforming 
can be raised. 

[0012] As for said hydrogen demarcation membrane, what is been the rose JIUMU alloy film of 20 
micrometers or more of thickness held at temperature of about 400 degrees C or more is desirable. By 
this configuration, it is stabilized and preferential segregation of hydrogen by hydrogen demarcation 
membrane can be performed. 

[0013] Furthermore, it is desirable to have a recycle line which returns gas which passed through a 
reforming room to an entrance side of a reforming room. By recycling some reformed gas in an entrance 
side of a reforming machine through a recycle line by this configuration, a hydrogen partial pressure of 
the reforming interior of a room can be raised, and a film transmission rate in a hydrogen demarcation 
membrane can be raised. 
[0014] 

[Embodiment of the Invention] Hereafter, the desirable operation gestalt of this invention is explained 
with reference to a drawing. In addition, it is used, giving the same sign to the portion which is common 
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in each drawing. Drawing 1 is the block diagram of the pressurization reformer by this invention. The 
pressurization reformer 10 of this invention consists of the reforming room 12 to which the hydrocarbon 
gas (material gas 2) containing a steam is supplied, a heat chamber 14 to which elevated-temperature gas 
1 1 is supplied, and a transparency room 16 to which s weep gas 15 is supplied in this drawing. It is in the 
condition to which the he at chamber 1 4jnd the transparency room 16 were located in the both sides 
centering on the reforming room 12, the laminating of the plurality is carried out, and the reforming 
room 12, a heat chamber 14, and the transparency room 16 constitute the plate reforming machine 
mentioned above. 

[0015] The hydrocarbon gas to be used is town gas which uses methane as a principal component. 
Moreover, as for elevated-temperature gas 1 1, it is good that it is combustion gas supplied from a 
combustor (not shown). F urthermore, as for sweep gas 15, it is good that they are a^eanLo r nitroget]^ 

^lTKn6] The reforming room 12 is filled up with the reforming catalyst 3 in drawing 1 . Moreover, it is 
divided with thermally conductive high sheet metal 14a (heat-conduction board) between the heat 
chamber 14 and the reforming room 12, As for this heat-conduction board 14a, it is good that they are 
the metal plate which has airtightness, for example, a heat-resisting steel board, a copper alloy, stainless 
steel, etc. Furthermore, it is divided with hydrogen demarcation membrane 16a between the 
transparency room 16 and the reforming room 12. This hydrogen demarcation membrane 16a is the rose 
JIUMU alloy film of the several micrometers thickness held at the temperature of about 400 degrees C 
or more, and is good to be prepared in the surfaces, such as ceramics which has permeability, and to 
have pressure resistance. 

[0017] The pressurization reformer 10 of this invention is equipped with the recycle line 18 which 
returns further the gas (reformed gas) which passed through the reforming room 12 to the entrance side 
of a reforming room in drawing 1 , Recycle blower 18a is prepared in this recycle line 18, and the 
reformed gas of a required flow rate can be returned now to the upstream. Furthermore, the pressure of 
the reforming room 12 is held more highly than the transparency room 16, and the flow rate of sweep 

^s 15 is set up or controlled so th attheJiydragen^Darti^l pres sure of the reforming room 12 becomes 
always higher than tlie transparency room 16. 

~tbU18J By the configuration memioned^bove, in the reforming room 12, hydrocarbon gas 2 can be 
reformed to the reformed gas containing hydrogen, and the generated hydrogen can be discharged with 
sweep gas 15 from the transparency room 16 through hydrogen demarcation membrane 16a. When 
using a steam as sweep gas 15, hydrogen ^as with high purity can be obtained by carrying out 

^condensation separation of this. Moreover, using nitrogen gas etc. as sweep gas, this may be press urized 
by a booster pump^tc. and the anode side of a fuel cell may be supplied as it is. 

[0019] Drawing 2 is principle drawing of a hydrogen demarcation membrane. Having the property that 
rose JIUMU and a rose JIUMU alloy film penetrate hydrogen alternatively is known. This hydrogen 
permeation device is considered as follows. 
** A hydrogen content child sticks to a rose JIUMU film. 

** An adsorption hydrogen content child dissociates to a hydrogen atom. Since it is endothermic 
reaction, if a film is heated or material gas is heated and used, atomic hydrogen can be easily made on 
the surface of a film, 

** A hydrogen atom ionizes and it is divided into a proton and electron. Atomic hydrogen is a proton 
(proton) and electron (electron), and since rose JIUMU wants two electrons for the maximum periphery 
husks, the electron of hydrogen can be taken easily. 

** A proton is spread from the surface of rose JIUMU to a rear face. For this migration, the hydrogen 
concentration by the side of the surface/material gas (hydrogen partial pressure) must be larger than the 
hydrogen concentration by the side of a rear face / purification hydrogen (hydrogen partial pressure). 
** The proton which arrived at the rear face recombines with electron by the rose JIUMU film surface, 
and serves as a hydrogen atom. 

** A hydrogen atom joins together and it becomes a hydrogen content child. It meets in the shape of a 
molecule by the catalytic activity of a rose JIUMU film surface. 
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** A hydrogen content child does desorption from a pallet film. Hydrogen penetrates through the above 
process. 

[0020] Thus, since only the hydrogen which can be in the condition of a proton penetrates a rose JIUMU 
film, other molecules which cannot be in such a condition cannot penetrate a rose JIUMU film. 
Seemingly, since hydrogen penetrates by the shape of an atom, it is also called the atomic screen 
(Atomic Sieves). Although the hydrogen permeation speed of a rose JIUMU film changes with factors, 
such as a pressure, temperature, and thickness, its amount of transparency is so large that thickness is so 
thin that temperature is so high that a partial pressure difference is large. 
[0021] 

[Example] Drawing 3 is an analysis result which shows the hydrogen separation property in the 
pressurizafTorTrefoi^r of this invention, and the transparency room pressure force shows (A) hydrogen 
partial pressure distribution and (B) hydrogen permeation flow rate distribution in case lata andTHe"'^"'*^^ 
Tefomnng romnpressure tofce is [ the thickness of 3ata(s) and a hydrogen demarcation membrane ] 20 
micrometers. In drawing 3 (A), a horizontal axis is the distance from an entrance, an axis of ordinate is a 
hydrogen partial pressure, a continuous line shows a transparency room and the dashed line shows the 
reforming room. Moreover, when an upper pair does not have sweep gas among the continuous lines 
and dashed lines which became a pair and the flow rate of sweep gas/methane of a middle pair is 1, a 
lower pair is the case where the ratio is 3, 

[0022] Moreover, in drawing 3 (B), an axis of ordinate is the amount of the whole amount of hydrogen 
permeation, and from the bottom, three curves in drawing show the case where the ratio is 3, when there 
is no sweep gas and sweep gas / methane flow rate is 1 . 

[0023] The analysis result of (A) and (B) of drawing 3 shows that reverse transparency takes place since 
the hydrogen partial pressure of a reforming room is lower than the hydrogen partial pressure of a 
transparency room up to near X= 0.2m, and a hydrogen permeation flow rate is subtracted when there is 
no sweep gas (above). Moreover, by incr easing a sweep gas flo w rate shows that the hydrogen partial 
pressure by the side oftransparency t alis, and tne amount ot the whole amoiint of hydrogen permeatio n 
increases. 

[0024] Therefore, it turns out that the pressure of a reforming room is held more highly than a 
transparency room, and the rate of reforming can be raised while avoiding the reverse transparency 
produced when the hydrogen partial pressure of a reforming room sets up or controls the flow rate of 
sweep Ras to becom e alwa ys high trom a transparencylroom/a Hd the hydrogen partial pressure of a 
reforming room is lower than a transparency room and raismg the permeability of hydrogen. 
[0025] Drawing 4 is an analysis result which shows the rate of reforming and hydrogen recovery of a 
pressurization reformer of this invention, (A) shows the relation between sweep gas / methane flow rate, 
and the rate of reforming, and (B) shows the relation between reforming outlet temperature and the rate 
of reforming. From drawing 4 (A), by increasing a sweep gas flow rate shows that the rate of reforming 
and recovery improve. This is c onsidered for the hydrogen partial pressure by the side o f transparency to 
f^r|Kyjn£^^ a QWRPp g^c tlow rate. Fu rthermore, that the rate ot retormmg rises by retbmiitij^ t'Oorn^ 
pressure force raising ****** conversely turns out to be a property in the conventional reforming 
machine from this drawing. Although the rate of balanced reforming falls when this raises the reforming 
room pressure force, it is thought that it is because the hydrogen partial pressure of a reforming room 
rises, 

[0026] Furthermore, it turns out that both the rate of reforming and a hydrogen permeation flow rate rise 
by raising reforming outlet temperature from drawing 4 (B). On the other hand, hydrogen recovery 
cannot be based on reforming outlet temperature, but can maintain about 90 - 93% of comparatively 
high value. Therefore, in near about 550 degree C, 93% of reforming **** and about 92% of hydrogen 
recovery can be attained using a PARAJUMU film. 

[0027] in addition, in the range which this invention is not limited to the operation gestalt mentioned 
above, and does not deviate from the summary of this invention, many things are boiled and, of course, 
it can change 
[0028] 
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[Effect of the Invention] Since the hydrogen in the reformed gas by which reforming was carried out is 
alternatively separated on that spot by the configuration of this invention through a hydrogen 
demarcation membrane at a reforming room as mentioned above, hydrogen concentration falls, the 
reforming reaction in a reforming room is promoted, and the high rate of reforming can be attained, 
without being restricted to an equilibrium constant also at a comparatively low temperature. 
[0029] Moreover, while avoiding the reverse transparency produced when the pressure of a reforming 
room is held more highly than a transparency room, and the hydrogen partial pressure of a reforming 
room sets up the flow rate of sweep gas so that it may become always high from a transparency room, 
and the hydrogen partial pressure of a reforming room is lower than a transparency room and raising the 
permeability of hydrogen, the rate of reforming can be raised. Furthermore, by having the recycle line 
which returns the gas which passed through the reforming room to the entrance side of a reforming 
room, by recycling some reformed gas in the entrance side of a reforming machine through a recycle 
line, the hydrogen partial pressure of the reforming interior of a room can be raised, and the film 
transmission rate in a hydrogen demarcation membrane can be raised. 

[0030] Therefore, the pressurization reformer of this invention has the effect which was [ acquire / under 
pressurization / high reforming effectiveness ] excellent, without raising the operating temperature of a 
plate reforming machine. 



[Translation done.] 
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